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The implementation of green chemistry (GC) in various aspects of chemistry to overcome the 
problems of health, safety for workers, in addition to the environmental problems is 
associated with compounds from their manufacturing, use and disposition as waste. GC is a 
rapid promising branch of chemistry. GC is a manner that maximizes its benefits while 
removed its adverse impacts by the application of principles. The principles of GC focused on 
methods that deals with avoidance of waste, maximize atom economy, less harmful chemical 
formed, metathesis, synthesized safer chemicals, using safer solvents, auxiliaries, renewable 
Feedstocks, softer catalysts other than heavy metals, biocatalysts, avoid the formation of 
chemical derivatives, develop energy efficient synthesis, progress of safer chemistry methods 
for accident avoidance. GC is interested for research and alternative improvement on many 
practical phases of organic compounds synthesis. GC intended for less toxic solvents but in 
recent years new methods have been developed where organic synthesis can be performed 
without solvents, mild conditions and low energy consumption. New approaches have 
promoted the use of alternative methods or “green” solvents. The new field of “green” 
solvents in organic compounds synthesis has been extended and gives some idea about green 
solvent, green catalyst, and green techniques for green synthesis. 
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INTRODUCTION 
Without the constant hard work of 
chemists and the vast production of the 
chemical industry, nothing approach the 
high living standard taken pleasure in 
modern developed societies would be 
possible. It cannot be denied that, 
chemistry has been misused in numerous 
respects, like the release of pollutants and 
toxic materials and the making of non-
biodegradable substances, resulting in 
harm to the environment and living things. 
The practice of chemistry in a way that 
capitalized on its benefits while reducing 
its adverse impacts has come to be called 
as Green Chemistry (GC). The GC is the 
new division of chemistry which engages 
jointly instruments, methods and 
technologies. It is helpful to chemists or 
researchers in investigate, development 
and synthesis for expansion of more eco-
friendly and efficient compounds which 
may have major financial benefits. The GC 
and its 12 principles would like to enhance 
the efficiency of synthetic methods, to use 
less toxic solvents, reduce the steps of the 
synthetic ways and reduce waste as far as 
possible. The GC is also interested for 
research and substitute novelty on 
numerous practical aspects of organic 
synthesis. By changing the methods of 
organic chemistry synthesis health and 
safety will be higher in the laboratory level 
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the new techniques. Other benefits will be 
the environment by the use of less toxic 
reagents, reduce of waste materials and 
more biodegradable by-products [1, 2]. 
 
IMPLEMENTATION OF GREEN 
CHEMISTRY (GC) IN CHEMISTRY 
[316]  
Ionic Liquids as Green Solvents 
The ions in these ionic liquids are made up 
of huge organic compounds made up of 
skeletons of various carbon atoms linked 
to other atoms and having a net charge. 
The charges on the ions in this compounds 
is much less intense than in normal 
inorganic compounds like NaCl, the large 
ions move easily relative to each other in 
the ionic crystal, and the compound is 
liquid at low temperatures. A general 
example of an ionic liquid compound is 
decylmethylimidazolium 
hexafluorophosphate (DMIHFP), which is 
a liquid at above 40C. The ionic liquids 
are quite easy to recycle, adding to their 
green character. In addition to their uses as 
solvents for synthesis media, ionic liquids 
may be useful for isolating pollutants. 
 
Hydrogen Peroxide as Green Reagent 
Even though the evil nature of rigorous 
solutions of hydrogen peroxide (H2O2), it 
can be considered as a green compound in 
more dilute solutions, like 3% H2O2 
solution normally is used to kill bacteria in 
wounds treatments. Among its green 
applications, dilute H2O2 makes a valuable 
and safe bleaching agent that is much safer 
to handle than elemental chlorine that is 
used for bleaching and that does not form 
the toxic byproducts that chlorine forms. 
Even though it antimicrobials, it can be 
pumped underground to provide as an 
oxidant for acclimated bacteria that attack 
wastes that have been placed into 
underground sites. 
 
Acetic Acid as Green Option 
Acetic acid formed by the fermentation of 
carbohydrates is an exceptional green 
option to stronger acids, like sulfuric acid 
(H2SO4), nitric acid (HNO3) and 
hydrochloric acid (HCl). Yeasts can 
convert the carbohydrates to ethanol and 
other microbes in the existence of air 
change the ethanol to acetic acid by the 
same method that vinegar, a dilute acetic 
acid solution, is made from cider or wine. 
The making of acetic acid is a green 
method that uses biological reactions 
acting upon renewable biomass raw 
materials. As a weak acid, acetic acid is 
comparatively safe to use, and make 
contact with humans is not generally very 
dangerous. Another advantage of acetic 
acid is that it is biodegradable, so any of it 
released to the environment does not 
persevere.  
 
Alternate Reaction routes in Green 
Chemistry 
Green chemistry (GC) involves making 
alternative chemical reactions to choose a 
reaction or reaction series that provides 
highest safety, formed lowest byproduct, 
and use easily available materials. Large 
quantities of materials and energy are used 
in converting petroleum hydrocarbons to 
partially oxidized compounds used as raw 
materials. For example, ethanol made from 
ethane taken from petroleum and natural 
gas by chemical reactions: 2C2H6+O2 → 
2C2H6O. This alteration requires rather 
severe conditions and a net loss of energy. 
A greener option is to use glucose sugar 
formed by photosynthesis to grow yeasts 
that make an ethanol product: C6H12O6 → 
2C2H6O + 2CO2. It is occurs at room 
temperature. In addition to making 
ethanol, this fermentation reaction gives 
carbon dioxide (CO2) in a concentrated 
form that can be used for carbonated 
beverages, supercritical CO2 solvent, or 
pumped underground for tertiary 
petroleum recovery. The protein-rich yeast 
biomass formed in fermentation makes a 
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Yield and Atom Economy in Green 
Chemical (GC) Reactions 
Yield is a percentage of the degree to 
which a chemical reaction goes to 
completion and atom economy was 
defined as the fraction of reactants that go 
into final products. 
 
Solvay process: A Green Chemical (GC) 
Synthesis 
There are two respects in which Solvay 
process meet the GC synthesis criteria:  
1. It uses cheap, plentifully available raw 
materials in the form of NaCl (brine) and 
limestone (CaCO3). A significant amount 
of ammonia (NH3) is required to initiate 
the process with relatively small quantities 
to keep it going.  
2. It maximizes recycle of two major 
reactants, NH3 and CO2. The calcination of 
CaCO3 provides ample CO2 to make up for 
inevitable losses from the process, but 
some additional NH3 has to be added to 
compensate for any leakage. 
  
3. Solvay process also somewhat green 
with respect to environmental impact as 
the extraction of the two major raw 
materials, limestone and NaCl, normally 
can be gifted with low adverse effects on 
the environment.  
 
Green Chemistry (GC) in Organic 
chemistry Synthesis 
With the help of green chemistry (GC) six 
step synthesis of Ibuprofen with the 
formation of secondary by-products, waste 
and 40% yield is changed into the 
“greener’ technique of three steps with 
final yield 77%, using the use of reusable 
Raney nickel catalyst. Also the green 
synthesis of adipic acid uses a new type of 
catalysts and biocatalysts. In conventional 
method for the adipic acid with 
cyclohexanone/cyclohexanol oxidation by 
Nitric acid the mass efficiency of the 
reaction is 55.7% whereas in green method 
the preparation from cyclohexene oxidized 
by H2O2 in the presence of the catalyst 
Νa2WΟ4.2Η2Ο (1%) with solvent Aliquat 
336[CΗ3(ν-C8Η17)3Ν] ΗSΟ4(1%)] the 
mass effectiveness of reaction is 67%. 
Likewise in the conventional synthesis of 
maleic anhydrite by using initial material 
benzene and a catalyst which was 
composed of V2O5 and MoO3 the mass 
efficiency of reaction is 44.4% whereas in 
the green technique using starting material 
n-butane and catalyst (VO)2P2O5 the Mass 
efficiency of reaction is 57.6%. The MW 
and ultrasound-assisted applications in 
organic chemistry synthesis are attractive 
to understand the potential of the synthetic 
process with low energy supplies, less 
waste, no use of solvent. Another organic 
chemical that potentially can be formed by 
the action of transgenic microbes on 
glucose is catechol and used as a material 
to make flavors, pharmaceuticals, 
pesticide, and other chemicals. Another 
potentially important organic materials 
that has been synthesized from glucose 
using transgenic E. coli is 3-
dehydroshikimic acid. A plentiful source 
of 3-dehydroshikimic acid could lead to its 
much higher application as an antioxidant. 
Pseudomonas putida bacteria genetically 
engineered to carry out several steps in the 
production of p-hydroxybenzoic acid 
initial with toluene. A key to the procedure 
is the connection at the para position on 
toluene of a hydroxyl group by the act of 
toluene-monooxygenase (T4MO) system 
transferred to P. putida from Pseudomonas 
mendocina: The next step is formed by p-
cresol methylhydroxylase (PCMH) from a 
strain of P. putida that yields p-
hydroxybenzyl alcohol pursued by change 
to p-hydroxybenzaldehyde. The last step is 
formed by an aromatic aldehyde 
dehydrogenase enzyme designated PHBZ 
also obtained from a strain of P. putida 
and consists of the conversion of the 
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Green Chemistry (GC) in Polymer 
Manufacture 
There is a considerable potential for the 
formation of pollutants and wastes from 
polymer manufacture. Some of the 
substances contained in hazardous waste 
positions are byproducts of polymer 
manufacture. Monomers are normally 
volatile organic substances with a 
tendency to evaporate into the atmosphere, 
and this quality combined with the 
presence of reactive C=C bonds tends to 
make monomer emissions active in the 
development of photochemical smog. 
Some of the environmental and 
toxicological troubles with polymers have 
arisen from the use of additives to get 
better polymer presentation and durability. 
The most notable of these are plasticizers, 
normally blended with plastics to improve 
flexibility, such as to give 
polyvinylchloride (PVC) the flexible 
uniqueness of leather. The plasticizers are 
not chemically bound as part of the 
polymer and they leak from the polymer 
over an episode of time, which can result 
in human exposure and environmental 
pollution. Although not particularly toxic, 
these compounds are environmentally 
persistent, resistant to treatment 
procedures, and prone to undergo 
bioaccumulation. They are present 
throughout the environment and 
implicated by some toxicologists as 
possible estrogenic agents that mimic the 
action of female sex hormone and cause 
premature sexual growth in young female 
children. Alternative means of making 
monomers by green methods have devoted 
considerable attempt in the practice of GC. 
Development has been made in the green 
synthesis of adipic acid, one of the two 
monomeric compounds used to make 
nylon 66. The usual method of adipic acid 
has been practiced since the 1940s begins 
with the addition of H2 to benzene to 
formed cyclohexane. Air oxidation over 
metal catalysts attaches an -OH group to 
the cyclohexane to make the alcohol, 
cyclohexanol. This compound is then 
oxidized with nitric acid (60%), a strong 
oxidizing agent, to adipic acid in a 
procedure that releases air pollutant nitrous 
oxide. As a green option to the rigorous 
chemical situation necessary by this 
synthesis, laboratory studies have shown 
that genetically engineered Escherichia 
coli bacteria can change glucose sugar to 
cis, cis-muconic acid, which needs only 
mild treatment with H2 gas to give adipic 
acid. Progresses in genetic engineering 
have increased the possibility of forming 
poly (hydroxyl alkanoate) polymers in 
plants. The plant Arabidopsis thaliana has 
genes from bacterial A. eutrophus that 
have resulted in plant leaves containing as 
much as 14% poly (hydroxybutyric acid) 
on a dry weight basis. Transgenic A. 
thaliana and Brassica napus have shown 
formation of the copolymer of 3-
hydroxybutyrate and 3-hydroxyvalerate. If 
yields can be increased to satisfactory 
levels, plant-synthesized poly (hydroxyl 
alkanoate) substances would represent a 
wonderful advance in biosynthesis of 
polymers because of the capability of 
photosynthesis to give the raw materials 
used to make the polymers. 
 
ORGANIC SOLVENTS [1724] 
Ionic Liquids in Organic Synthesis 
Ionic liquids are mixtures of anions and 
cations, molten salts, with melting point 
(M.P) about 100
o
C, which can be used as 
substitute solvents in organic chemistry 
synthesis. Though the ionic liquids do not 
totally full with GC principles, they are 
very capable as alternatives to organic 
solvent. There are various research papers 
for the use of ionic liquids in synthetic 
methods and various applications. 
 
Organic Synthesis in Water 
Though water is considered as a trouble 
for organic synthesis and the refinement 
procedures and drying in final compounds 
is very awkward; in recent years, water is 
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reactions. A good example is the synthetic 
methods of the Diels-Alder reactions in 
which the hydrophobic properties of some 
reagents makes water an ideal solvent. 
Water accelerates some reactions because 
some reagents are not soluble and provides 
selectivity. The low solubility of oxygen is 
also a benefit for some reactions where 
metal catalysts are used. Water is used in 
many methods for organic reactions. 
 
Supercritical Carbon Dioxide and 
Supercritical Water 
A supercritical liquid is at a temperature 
and pressure above its critical point, where 
distinct liquid and gas phases do not 
survive. The supercritical liquid can effuse 
through solids like a gas, and dissolve 
materials like a liquid. In addition, close to 
the critical point, small changes in pressure 
or temperature result in large changes in 
density, allowing many properties of a 
supercritical fluid to be "fine-tuned". 
Supercritical liquids are appropriate as a 
substitute for organic solvents in various 
industrial and laboratory methods. Carbon 
dioxide (CO2) and water are the most 
usually used supercritical fluids. 
Supercritical CO2 and water are considered 
“green” solvents in many industrial 
procedures, providing high yields in many 
reactions. 
 
Organic Synthesis with Carbonic Esters 
Carbonic esters, such as dimethyl 
carbonate (DMC) (CH3OCOOCH3) are 
considered as a class of “green” solvents in 
various organic reactions. They can 
substitute methychlorides and dimethyl 
sulphate esters which are toxic and 
hazardous. The DMC was used in 
methylation reactions of phenols, anilines 
and carboxylic acids. DBU is an optional 
solvent that can be used for methylation 
reactions of phenols, indoles and 
benzimidazoles. 
CATALYST [2529] 
“Green” Catalysis under the Green 
Chemistry Principles 
It is not only the “green” solvents that will 
alter the face of organic reactions, but also 
the use of “green catalysts” will get better 
considerably the efficiency of various 
industrial processes. The use of catalysts is 
one of the principles of GC. Catalysis is 
measured a basis for new changes in 
chemical methods. Catalysts will affect 
energy use and reaction time, will enhance 
yield, reduce use of solvents, and lower 
formation of by-products and waste. 
Catalysis with “green” catalysts (can be 
recycled) is considered a very vital step in 




Substitute of Toxic Solvents with Less 
Toxic Ones 
The substitute of toxic or hazardous 
organic solvents in industrial processes has 
been initiated long time ago like 
replacement of benzene with toluene, 
cyclohexane instead of carbon 
tetrachloride, dichloromethane instead of 
chloroform etc. Many examples and 
practices with replacement of the most 
toxic and hazardous solvents. 
 
Microwaves (MW) in Organic 
Synthesis, without Solvents 
Microwave (MW) furnaces are used for 
organic reactions. These techniques do not 
need solvents and are considered “greener” 
than the usual methods. The wide range of 
uses of MW chemistry has been extended 
too many aspects of organic synthesis. 
Catalysis under the Principles of GC and 
Eco-friendly synthesis are novel trends 
with extensive uses. 
 
Sonchemistry in Organic Synthesis, 
without Solvents 
Sonochemistry is considered a 
methodology of organic reactions without 




34 Page 29-35 © MAT Journals 2019. All Rights Reserved 
 
Journal of Advances in Pharmacy Practices  
Volume 1 Issue 2  
before and it is clear that their uses in 
organic chemistry will be extended further. 
High yields, low energy needs, low waste, 
no use of solvents are some of the basic 
advantages of these sonochemical 
methods. 
 
Other “Greener” Methods 
In addition to the above methods which do 
not need solvents or use less solvent than 
the usual methods, there are methods of 
biocatalysis, self-thermo-regulated 
systems, soluble polymers, etc., which are 
considered “green methods”. The GC 
covers all these features of eco-friendly 
methods and promotes their use in 
researches and organic synthesis methods. 
 
“Green solvents” from plants 
Plants are considered as renewable sources 
of energy but also a resource for various 
materials. Plant oils or vegetable oils 
derive from plant sources. Unlike 
petroleum which is the main source of 
chemicals in the petrochemical industry 
they are renewable sources. Vegetable oils 
can substitute petroleum derived organic 
solvents, with better property and more 
eco-friendly situation as waste. Advanced 
recently methods so that some vegetable 
oils to become solvents and replace 
hazardous organic solvents. Like plant-
based oils, soybean oils and their esters. 
Vegetable oils can become a starting 
material for the formation of eco-friendly 
solvents which are less toxic than the 
petrochemical organic solvent. Scientists 
are researching the use of “green” solvents 
in polymerization methods, since the 
polymer and plastics industries are using 
enormous amounts of solvents. Some 
successful uses of alternative solvents in 
polymerization under the principles of GC 
are: Polymers can be prepared under 
industrial scale formation with the use of 
eco-friendly solvents. All these methods 
aim at replacing toxic and hazardous 
solvents in various chemical processes in 
the synthetic laboratory and industries. 
CONCLUSION 
Presently, many interesting examples of 
the use of green chemistry (GC) rules are 
applied. The GC rules are applied not only 
in synthesis, processing and using of 
chemical compounds but also many new 
analytical methods are also described. The 
biggest challenge of GC is to use its rules 
in practice. Great efforts are still started to 
design an ideal process that start from non-
polluting materials. The GC provides the 
tools and alternative materials, processes 
and systems which will change not only 
the sustainability of the chemical materials 
production, but also their environmental 
credentials by reducing toxicity and 
increase recyclability. The intention is to 
reduce the synthetic stages, to lower the 
energy use, to increase efficiency with 
higher yields, to minimize waste, to use 
renewable starting chemicals. But each 
organic synthesis has alternative and green 
method. Aim of this article is to 
understand types of availability of green 
solutions for organic synthesis, 
polymerization and need of green 
synthesis. All GC techniques aim at 
replacing toxic and hazardous solvents in 
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